Single amino acid substitution in Bacillus sphaericus phenylalanine dehydrogenase dramatically increases its discrimination between phenylalanine and tyrosine substrates.
Homology-based modeling of phenylalanine dehydrogenases (PheDHs) from various sources, using the structures of homologous enzymes Clostridium symbiosum glutamate dehydrogenase and Bacillus sphaericus leucine dehydrogenase as a guide, revealed that an asparagine residue at position 145 of B. sphaericus PheDH was replaced by valine or alanine in PheDHs from other sources. This difference was proposed to be the basis for the poor discrimination by the B. sphaericus enzyme between the substrates L-phenylalanine and L-tyrosine. Residue 145 of this enzyme was altered, by site-specific mutagenesis, to hydrophobic residues alanine, valine, leucine, and isoleucine, respectively. The resultant mutants showed a high discrimination, above 50-fold, between L-phenylalanine and L-tyrosine. This higher specificity toward L-phenylalanine was due to K(m) values for L-phenylalanine lowered more than 20-fold compared to the values for L-tyrosine. The greater specificity for L-phenylalanine in the wild-type Bacillus badius enzyme, which has a valine residue in the corresponding position, was also found to be largely due to a lower K(m) for this substrate. Activities were also measured with a range of six amino acids with aliphatic, nonpolar side chains, and with the corresponding oxoacids, and in all cases the specificity constants for these substrates were increased in the mutant enzymes. As with phenylalanine, these increases are mainly attributable to large decreases in K(m) values.